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library | EEE

use ieee.std logic 1164. all

use ieee.std | ogic_unsigned.all;
use ieee.std logic_arith.all;
library synplify;

use synplify.attributes. all

entity i2c _master_byte ctrl is
generi c(
Tcqg : time := 1 ns
)
port (
clk in std_|ogic;
nReset in std logic; -- asynchornous active |ow reset (FPGA conpati bl e)
-- ena in std logic; -- core enable signa
-- cl k_cnt i n unsi gned(15 downto 0); -- 4x SCL

i nput signals

start,
st op,
read,
wite,
ack_in : std_logic
din instd.lo glc vector (7 downto 0);
-- output signals
cnd_ack out std_| ogic;
ack_out out std_l ogic;
i 2c_busy : out std_|ogic;
dout out std_logic_vector(7 downto 0);
-- i2c lines
- - scl i instd logic; -- i2c clock line input
scl _o . out std logic; -- i2c clock |ine output
scl _oen : out std logic; -- i2c clock line output enable, active | ow
sda_i in std logic; -- i2c data line input
sda_o out std logic; -- i2c data |ine output
sda_oen : out std_logic -- i2c data |ine output enable, active |ow
);
end i 2c_master_byte_ctrl
architecture behave rtl of i2c_master _byte ctrl is

attribute syn_radhardl evel of behave rtl architecture is "tnr"
conponent i2c master _bit_ctrl is

--generic(

-- Tcq : time := Tcq

porf (
clk in std_|ogic;
nReset in std_|ogic;
ena in std_logic; -- core enable signa
cl k_cnt i n unsi gned(6 downto 0); -- clock prescal e val ue
cmd : in std_logic_vector(3 downto 0);
cnmd_ack : out std | ogic;
busy out std_Il ogic;
din in std_l ogic;
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begi

dout

scl i
scl _o
scl _oen :
sda_i
sda_o
sda_oen :

out std_|ogic;

2c lines

in std_|ogic;
out std_ | ogic;
out std_l ogic;
in std_|ogic;
out std_l ogic;
out std logic

-- i2c clock line input

-- i2c clock line output

-- i2c clock line output enable,
-- i2c data line input

i 2c
i 2¢

data | i ne out put

end cbnponent i 2c_master_bit_ctrl;

-- conmmands for bit_controller block

constant |2C _CMD_NOP std_l ogic_vector (3 downto 0)
constant |2C CVMD _START std | ogi c_vector (3 downto 0)
constant |2C CMD _STOP std_l ogic_vector (3 downto 0)
constant |12C CMD _READ std | ogi c_vector (3 downto 0)
constant |12C CMD WRI TE td_|l ogi c_vector (3 downto 0)
constant ena std logic :='1";

constant scl i : std logic :="1";

-- signals for bit_controller

signal core cnd : std | ogic _vector(3 downto 0);

signal core_ack, core_txd, core_rxd : std_l ogic;

signal clk_cnt unsi gned(6 downto 0);

signals for shift

regi ster

signal sr std logic vector(7 downto 0); -- 8bit shift
signal shift, Id: std_logic;

-- signals for state nachine

signal go, host _ack : std_|ogic;

signal dcnt unsi gned(2 downto 0); -- data counter
signal cnt_done : std_|ogic;

n

ul: i2c_naster _bit _ctr
clk = cl k,
nReset => nReset,
ena => ena,
clk _cnt => clk _cnt,
cmd => core_cnd,
cnmd_ack => core_ack
busy => | 2c_busy,
din => core_txd
dout => core_rxd,
scl i => scl i,
scl _o => scl o,
scl _oen => scl _oen
sda_i => sda_li
sda_o => sda_o
sda_oen => sda_oen

)

clk_cnt <= "1000000"

hookup bit_controller

port nap(

0064h or

100dec - -

-- generate host-comrand-acknow edge
cmd_ack <= host_ack

generate

go- si gnal

go <= (read or wite or stop) and not host_ack

-- assign Dout output to shift-register

dout <= sr;

generate

shift_register:

shift

regi ster
process(clk,

nRes

et)

data |ine output enabl e,

active | ow

active | ow

"0000";

"0001";
"0010";
"0100";

"1000";

register

use 10dec for

1Whz simul ati ons
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begi n
if (nReset = '0') then
sr <= (others =>"'0") ; -- after Tcq;
elsif (clk'event and clk = "'1') then
if (Id="1) then
sr <= din ; -- after Tcq;
elsif (shift ='1") then
sr <= (sr(6 downto 0) & core_rxd) ; -- after Tcq;
end if;
end if;

end process shift_register

-- generate data-counter
data_cnt: process(clk, nReset)
begi n
if (nReset = '0') then
dcnt <= (others =>'0") ; -- after Tcq;
elsif (clk'event and clk = "'1') then
if (Id="1) then
dcnt <= (others =>"1"') ; -- after Tcq; -- load counter with 7
elsif (shift ='1") then
dent <= dent -1 ; -- after Tcq;
end if;
end if;
end process data_cnt;

cnt_done <= '1' when (dcnt = 0) else '0';

-- state machine

st at emachi ne : bl ock
type states is (st _idle, st _start, st read, st _ wite, st_ack, st_stop);
signal c_state : states;

begi n

-- command interpreter, translate conplex conmands into sinpler |12C conmands

nxt state_decoder: process(clk, nReset)

begi n
if (nReset = '0') then
core_cmd <= |2C CMD NOP ; -- after Tcq;
core txd <= '0" ; -- after Tcq;
shift <='0" ; -- after Tcq;
I d <='0" ; -- after Tcq;
host _ack <= '0'" ; -- after Tcq;
c_state <= st _idle ; -- after Tcq;
ack out <='0" ; -- after Tcq;
elsif (clk'event and clk = '1') then
-- initialy reset all signa
core_txd <= sr(7) ; -- after Tcq;
shift <='0" ; -- after Tcq;
I d <='0" ; -- after Tcq;
host _ack <= '0" ; -- after Tcq;
case c_state is
when st _idle =>
if (go ='1") then -- go = read or wite or stop
if (start = '1') then
c_state <= st_start ; -- after Tcq;
core_cmd <= | 2C CMD_START ; -- after Tcq;
elsif (read = '1'") then
c_state <= st _read ; -- after Tcq;
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e signal

sane state

xt bit

me state

bi t

core cnd <= |2C CMD READ ; -- after Tcq;
elsif (wite ='1") then
c_state <= st wite ; -- after Tcq;
core_cmd <= |2C CMD WRITE ; -- after Tcq;
el se -- stop
c_state <= st _stop ; -- after Tcq;
core_cnd <= | 2C CMD _STOP ; -- after Tcq;
host _ack <= '"'1'" ; -- after Tcq; -- generate acknow edg
end if;
ld <="1" ; -- after Tcq;
end if;
when st _start =>
if (core_ack = '1') then
if (read = '1') then
c_state <= st read ; -- after Tcq;
core_cmd <= | 2C_ CMD READ ; -- after Tcq;
el se
c_state <= st wite ; -- after Tcq;
core cnd <= |2C CMD WRITE ; -- after Tcq;
end if;
ld <="1" ; -- after Tcq; -- load data to transmit
end if;
when st _ wite =>
if (core_ack = '1') then
if (cnt_done = '1') then
c_state <= st _ack ; -- after Tcq;
core_cnd <= | 2C CMD READ ; -- after Tcq;
el se
c_state <= st wite ; -- after Tcq; -- stay in
core cnd <= [2C CMD WRITE ; -- after Tcq; -- wite ne
shift <="'1 ; -- after Tcq;
end if;
end if;
when st _read =>
if (core_ack = '1') then
if (cnt_done = '1') then
c_state <= st _ack ; -- after Tcq;
core_cmd <= |2C CMD WRITE ; -- after Tcq;
el se
c_state <= st _read ; -- after Tcq; -- stay in sa
core_cmd <= |2C CMD READ ; -- after Tcq; -- read next
end if;
shift <='1" ; -- after Tcq;
core txd <= ack_in ; -- after Tcq;
end if;
when st _ack =>
if (core_ack = '1') then

-- check for stop; Should a STOP conmand be generated ?

if (stop ="'1") then

c_state <= st _stop ; -- after Tcq;

core_cnd <= | 2C CMD _STOP ; -- after Tcq;
el se

c_state <= st idle ; -- after Tcq;

core_cmd <= |2C CMD_NOP ; -- after Tcq;
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end if;
-- assign ack_out output to core_rxd (contains |last receiv
ed bit)
ack out <= core_rxd ; -- after Tcq;
-- generate conmand acknow edge signha
host _ack <= "'1'" ; -- after Tcq;
core_txd <= '1'" ; -- after Tcq;
el se
core_txd <= ack_in ; -- after Tcq;
end if;
when st _stop =>
if (core_ack = '1') then
c_state <= st idle ; -- after Tcq;
core_cmd <= | 2C CMD_NOP ; -- after Tcq;
end if;
when others => -- illegal states
c_state <= st idle ; -- after Tcq;
core_cnd <= 12C CMD_NOP ; -- after Tcq;
report ("Byte controller entered illegal state.");

end case;

end if;
end process nxt_state_ decoder

end bl ock statenmchi ne;

end behave rtl;
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